PROPOSAL FOR 
DOCTOR OF ENGINEERING 
WORK IN FLUID CONTROLS 


SIR GEORG RILLIAMS UNIVERSITY 


FACULTY OF EROTHEERTNG 
| MEMORANDUK 


TO: DEAN J. BORDAN | 
FROM: M. P. da PLESSIS APRIL 19/68. 
SUBJECT: DOCTORA!, WORK IN FILED CONTROLS. 


GENERALS ; 
The research area of Fluid Comtrols should be considerad 
agong the first withia the Fasnlty of Engineering as en area to . 
undertake Doctoral studies. As outlined in the notes of December, 
1967 to Dr. J. M. foxbdurgh of NRC (Appendix A), considerable 
interest exists in the Faculty for research in the 2 
- matt Se si wm" ze a 3 a ia : 7 _ ag _ . 


thes area has bean developed ovar the last i 1/2 years 
- at Sir George Williems University. It ig am attractive aea in 
that it takes realistic account of the local academic and indust- 
rial environment in the following Ways . 
le It is consiztent vith the emphasis Flaced on mechanical 
and electrigal system: in the existing tadergraduate and 
graduate courses and jaboratory facilities and it reflects 
the research interect: of a nunber of fucnlty members, 


2. It avoids unoroductive duplication of other research 
efforts in Canad, an’, in particular in local research 
institutions, 


3. It complements development work conducted by a iocal 
Rand D laboratory, ths enabling all participants to benefit 
from the possible pooling of human and physical resources 
and the formation of a :trong research tean. 


Consistent with thi: interest we have made a ma jor 
commitment to the area of Flu:d Controls duriny the last 1 1/2 
years as follows; 


1. To date, four faculty members, with considerable OZPOP= 
lence in the direction am teaching of griduate students, — 
have a direct interest inthis research area. Since September, 
1967 two full-time researc. associates have been working on 
specific projects in this wea (See Curriculum Vitae). These 
topics are described in Apjendix B under the headings; 
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as ne teveatignts on of tarbalent noise fa finidic devices. get, | 
goo. b Transmission line modelling and matching. ae x , ae 
Br eee oe 
a One of cur laboratory demonstrators, - registered as an Mong es 
+ @tudent, has beem hired as a research assistant im this ; Ly . 
. area during the summer BONEHS y atarting Mays 1968. Benen 
ss, 4 


8.) The required evpsnieieation for research work in this. BN ye 
a@pea has been purchased (Ses Appendix B). A separate re~ — ge 
-geareh lsboratory with the necessary services and four office ii. - 

eubicies, ste. has recently bean completed. embed ‘BRE ro Byes 


3, & elose liasoaz existe with Aviation Electric Linited | ee 
(in Montreal), the Canadian company chosen and supported by. TP | 
NRC to develep fluidic components. and systems. For ere AE 


they permitted the use of their library for our initial = 2% 

. literature search; and, at present, thay are seeking addition at: 
_), @l finanelal support.for cur research program through ee “ee 
“ Industrial Res@arth Kasistancd piogramme. * 2 ye? 


4. A close liason exists with the newly formed fluidics group ~ { 
at RRC, For example, thay have undertaken to build special -. 
research components for us, and they invited our research 3 
team members to participate in special préjects ia their dab= 

. oratories. Recently, they sponsored one of our research - 
associates to a Fluidics Conference in foronto. (See letter 

' to J.C.C., Appendix BD) 
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ANSWERS 20 SPECIFIC QUESTIONS BAISED BX THE BOARD OF GRADUATE 9 a" . 
a) Specific Faculty Members. An EDA ZOS . : 4 1 ee y. 
Wwe *se 14 Sey ate se Thee ae 

é 3 tud#ks sin ‘the Fiuid Controis ares are: . as Ae 4 

We M. Mansour ee” OE eS 

M. P. du Plegsis h F = Se! ; Pa ao 3 

J.C. Callaghan. ¢ | bo *s * he | 

Ge K. Pleniag ‘ o- : ; . ™ — a 


(Appendix Z contains the curriculum vitee of the ee, Mentbepe oe 
fable T summarizes their ila 
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SUMMARY OF ACTIVITIES OF FACULTY IN FLUID CONTROLS : . 


No. Bame Age Highest Experience Experience Publications Patents Books NRC 
ra Degres in Guiding im Teaching(Papers and Gfanted © <;Support Experience Censultant 
Graduate Graduate Conferences) andor - (Current) ae 
Students Courses Filed) 
2 Mansour 37 Ph.D. 1-Ph.D. Yes Classified - 1 (M) $2940 NW.8.-Summer UWACL 
= Toronto +-Mast Carleton VACL-1 12 Yr 
2 du Plessis Ph.D. - - 3 3 = $5340 Imperial 011 Dominion 
—_ Alberta 5 Yrs (¢.8.) 
3 Callaghan 35 M.S. 3-Master Yes v4 2 ~ $7350 H.S.-Summer F.C.1L. 
: 22@ she N.S.T.C. F.C Lee Dupont 
— cecinidonamnitnadeiintadees a SUSE 
4 Fleming 35 Ph.D. 1-Haster Yes a - - . . Desten Tast 
- Waterloo Sherbrooke . (Wa tarico) 
OTHER FACULTY IN RELATED AREAS ERC SUPPOR? HISTORY 
5 fart 27 Rite Autowatic Controls Year lL 2 3 
aris 5 Serer L 2 
& Dente 35 Ph.D. I.C. Engines and Gaz Turbines | 1968/69 $2940 F340 7350 
. lough- (Gasdynamics) | 67766 NA. 4600 3000 
| borough sesesalanmineesiacaNies | 66/67 ..32.. §060 000 - 
? Fannsked Ph.D.  Digitel System Control 65/66 803000 ng KOoO 
< oxpny . e/S5 OWA N.A. — 3000 
8 Kim? PneD. Circuit Theory 
~ | ‘ R and D Experience 
SUPP VSOKARCH PERSORNEL i. Presently directing the 
a SUPPORTING PSSEABCH PERSONNEL activities of several engineers . 
9 Suresh M.S. Research Associate with advanced degrees. 
10 Vrana Boos, Rexvesreh Associate . 7 a. Devediheh tea askeetises ot 
Ll fsa ' BEng Research Assiatant oe 3 engineers with advanced . 


' # Has not yet accepted positicn. 
(M) Mamuseript-Available frea Carietoz University Bookstore. 
See Appendix B fer curricuins vitae. 
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degrees (2 Masters,:1 Ph.D.) 
and 2 Feeulty membera (during. 
summers). . 34 
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«Tt should be moted that Professors Callaghan ani da ) 
“Plessis are presently directing the activities of the two a “aif 
research associates in the area. Also Dr. Mansour has directed _ i 
@ Ph.D. candidate while at Carleton University on the topie of : 
jet interaction, a problem of vital interest in fluid contrel, sk 


fhe Doctoral dissertation of Prof. Fleming was the "Analysis of 


Inconpressible Curved Jet Flow in Control Elements". 


it is proposed that the first Dectoral candidate/s be 
guided by Professors Mansour, Callaghan and du Plessis, and that: 
the_teaching dufiee of each be reduced to a maximum of 8 contact 
hours per week. This can be effected for 1968/69 as shown in 


Table 2. 


ZABLE 2 
FIRST TERM 


Numerical Hethods in 
Eng. Syst. I (Grad 3) 


er oe and Meas. I 
EB 372.1 = 3,3) 


Total (6,3) 


Phys. Syst I (Grad 3) 


Phys. Syst and Mens. ff, 
(fz W711 — 353) 


Total (6,3) 


Callaghan 


du Plessis 


Gasdynamics 


M.E. 55.1 - 3, 1/2 of 3) 


Potal (6, 1 V2) 


al 


SECOND TERM 


Numerical Methods in 
Eng. Syst. II (Grad 3) 


Control Syst. Des. 
( 1/2) 


3 ae ; 


To'wal (6, 1 1/2) 


Fluidics (1/2 Grad 3) 


Phys. — and Meas. i 
(B 372.2 93) 


Total (% 1/2, 3) 


Ady. FPinid Mech. (trad 3) FPinidics (1/2 Grad 3) 


Fluid races | 
(ME. 553.2 - 3, V2 of 3 


Total ( % 1/2, 1 1/2) 


In order to achieve these reduced teaching loads, it will be 
necessary to raduce by one course the number of elective courses 
available to Sth year engineering strients and some re-allocation 
of teaching tissignments. The electixs course not offered Aca be 


influenced by student demand. 
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b) Effect on Umdergraduate Programme ae 


The only negative effect on the undergraduate programme ig 
the reduction by one course the number of available electives 
in the 5th year. The original Doctor of Engineering proposal, . 
on Page 9, noted the positive effects. re 

~f 


c) Graduate Student Support 


The Faculty members working in the area have NRC operating 
grants for 1968/69 totalling $15,630; One of the laboratory 
instructors, Mr. Tsang, has chosen Fluid Controls as his re- 
search area for his M. Eng programme. It should be noted that 
his excellent undergraduate record would no doubt make hin 
sligible for Doctoral studies, 


d) Research Costs, Space, Eguipment, etc. 


The facilities required to pursue research in the area of 
fluid controls are3 


- 


i) Research Laboratory 
44) Considerable Specialized Instrumentation 
iii) Simulation Equipment 
iv) Library 
v) Student Desk Space 
vi) Digital Computer 


As noted earlier in this document in the A pendices A and B, 
and in the original Doctor of Engineering roposal, ail of 

the above, except item iv) (Library =< which is assaéssed below 
in Part e}, has been planned for and presently exist in a form - 
suitable for efficient research in Fluid Controis. 


e) Disposition of Available Library Funds 


As noted “in the Doctor of Engineering proposal of March 29,1968 
two sections of the library need improvement in the Piluid 
Controls area, namely the acquisition of a selected list of 
Research Progress Reports and the addition of a few sabseripte- 
ions to the present list of Journal holdings. These are de- 
tailed below. Appendix F lists the major journals in Fluids, 
Controls and Instrumentation, and those without an asterisk 
identify our holdings. * 


1, Research Progress Reports; 


a} 5 Proceeding of joint Automatic Control Conferences 
1966 \7th Conf). 


Moncgraphs of the U.S. National Bureau of Standards 
Ne. 67, 1963. 
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"U.S. Patent Gazette. 


.. Amer igan Society for artificial hetuieant casi 
lt aig U. tess Pbtort eh. D. Coe 1966. ee tees 


ie 


¥ Bendix Corporation Reports. | Te 
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rechnical. notes of the rational, Bureau’ ot standards. 3 «ay x 
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R. Ae Be Technical Reports (ct.’ Britain). 


winnie and Mixing of Streams - RAE Bibitogtazhy | 6, ie ake Ss, 
Wovember 1964, AGARD, Paris. . . ste 


NASA = TM-X Series (TM-X-52120, 1965). ok oll 


Franklin Institute Res, Labs, for Harry ‘Diamond Labs, “ a. 
US Army Mat'l Comm. | a 


Fluidonics anand wab (Div. of + marae Oe a hye de 
Salt Lake City, Utah), Reports. ° inn gagtteed 


Bowles Corporation Reports. Sw, - ie” Way 


Giamini Reports. > — a re oa ta, * Mee 


Pluid coatrol Systems Gutinad,’ ‘Penn.. ‘state (iversity, «2 
i965. ‘19 (TBM Report on switching} . Efe et, RN 


be ead 


Sperry Engineering Review, 1963, swith: gaps. ef ae 2 


Those without | ‘an asterisk are available. | «. + ae 
‘priority should be given to obtain those with ; an asterisk.” om, 
These can be obtained at no cont, or on an “interchange”. ae 
2. Additional subscriptions to Journals required: 3 
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The acquisition costs of the journals required is presently being: | 
Getermined by the library. The present library agreements and 


the continued cooperation with AEFI, will ensure library facilities 
for research in Fluid Controis. 


As 
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£) Others 


The minimum viable level of activity in Fluid Controls would; 2 |. 
be the Faculty members directly involved and one Doctoral oes 
student. {t should be noted that when the student numbers at 
are very smail the studeat benefits by close association 
with his faculty supervisors. The relationship between 
faculty and student resembles that of an apprenticeship. 
this relationship is a substitute for the educational value 
derived frem the interchange <" ideas within a group of Doce 
toral students which ie the nevmal situation at the larger 
Universities. The present group could supervise up to 7 
students with only the incremental cost associated directly 
with the support of the candidates. 
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am 
The present concentration of factlty in Fluid Controls is 
consistert with our policy within the Paculty of Engineering . 
of develcping teams in certain re:earch areas, 
4 . { 
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APPENDIX A 


SIR GEORGE WILLIAMS UNIVERSITY 


FACULTY OF ENGINEERING 


ROTES TO DR. J. M. ROXBURGH OF SRC - SUBSEQUENT TO HIS 
ViS<tT TO THE PACULTY OF ENGINEERING, OCTOBER 3lst, 1967. 


_ These notes are a reminder of some of the dis- 
cussions between Dr. J. M. Roxburgh and some members of 
the Faculty of mgineering, with regard to the Faculty‘s 
research potential and plans, and its special needs. 


Ae BACKGROUND OF ENGINEERING AT SIR GEORGE WELLEAMS 
UNIVERSITY 


In 1957, a three-year Certificate of Engineer- 
ing programme, in both Day and Evening Divisions, was 
started, Students completed their B.Eng. at other Uni- 
versities, most notably at McGill. Im 1966, our course . 
offerings wera extended to include the last two years 
of the 3.Eng. programme in the Day Division only; the 
first Bachelors candidates will ial graduate in 
Maye 1968. 


Concurrent with this extension of the programme, 
hew classroom and Laboratory space became available in 
the new Henry F. Hall Building. The Uhiversity committed 
capital funds for new equipment in all the Engineering : 
laboratories. ‘he fourth-year laboratories were completed 
in 1966-67 and, at present, all of the fifth-year labora- 
tories are nearing completion. 


A programme is offered in three professional 
areas; Civil, Electrical and Mechanical Engineering. 
@ome of the main features of the curriculum are: 


1. A student can elect to take a fairly conven- 
tional programme in the above cans 
G@isciplines. 


3 


2 


2. All students take an integrated three-term 
sequence in Physical Systems and Measure- 
ments, starting in the third-year of the five- 
yeax programme. 


3. Blectrical and Mechanical students can fur- 
ther elect a sequence of courses in the Sys- 
tems area to permit study in considerable 


_ depth. 


fo illustrate the particular emphasis, the Systems-related 


courses availuble 


ted below: 
Second Years 


Third Year: 


—_— 


Fourth Years 


Fifth Years 


in the undergraduate curriculum are iis 


Digital Computer Programming. 


Two half-courses of a compulsory 
three-term sequence in Physical 
Systems and Measurements. These 
courses include a comprehensive 
series of special lahoratory ex~ 
periments designed to emphasize 
the application of systema concepts 
in Engineering measurements, and 
include instruction in analog simu- 
lation. 


The compulsory physical systems 
gaeguence is concluded in the first 
term.. In the second term, other 
courses in the Systems area are; 
Linear Feedback Theory and Network — 
Analysis. 


Additional elective courses avail- 
able include: Won-Linear Control 
gheoxry, Computex Organization and 
Software, Control System Design, | 
Advanced Systerw Theory, Digital 
Computess in Systans, 


Zt is hoped to make full use of a sophisticated Analog 
- and Hybrid simulation facility in these and related 


GOurees, 


one the development of the undergraduate curricalum and the 
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A Master of Engineering programme will start _ 
in May, 1968. ‘This programme is unique in Canada in that 
it has no full-time residence requirement, and is offered “a Pah 
exclusively to practicing Engineers, on a part-time basis, . 
This Evening M.Eng. programme is in keeping with the hise 7°08 S.. y 
toric commitment of Sir George Williams University to the = _ ¥ 
needs of continuing education. The degree requirements = 
are flexible, permitting a wide variation in the number ar. 
of dissertation "Credits", from a conventional thesis to, = 228° % 
essentially, a major report with ad4itional complementary = 
course work, For most students, work for the dissertation = ~~... ° 
will be undertaken at the University, however, candidates ~~ oe 
engaged in suitable research, design, and development work = 
in their full-time employment, will be encouraged to ar- = * 
range for agreement among employer, faculty and the Unie 
versity for submission of a dissertation based upon that =~ 
work, provided appropriate supervisory arrangements can rei 
be made. ‘ 


—_ 


By special arrangement, it is possible for stu- “ 
dents to register for graduate courses offered in the E- = 
tension Department of McGill University, as part of their ite 
work at Sir George Williams University. me 


to date, the programme bas been enthusiastical- . °° 
ly received. During its development; discussions were ie 
held with representatives from local industry and they 
encouraged ii: strongly. The response to a refresher. 
course in Mathematics ie a measure of its acceptance by  -._—«&s 
the local Engineers. At present, twenty-five Engineers =. 
are enrolled, and most of them intend to continue to the = = 
Master of Engineering programme when it commences next 
spring. some three hundred Engineers have Euequested — . - 
further information. A total of approximately fifty-.can- in oe 
didates have already submitted applications. = 


Teeg et . a 


Paculty strength has increased. concurrently...) 4, 
with the development of the undergraduate programe; ~ "> 
eighteen full-time appointments have now bean made, plus dua 
eight sessional and part-time appointments. Next year _ dae 
six additional full-time appointments are planned. Up _ ee ee 
to now, much faculty effort has been directed towards 


i  ¥ 
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new laboratories; at present, sore attention is being = 


concentrated on formulating graduate programmes as well 
developing a research policy for the Feculty, 


. A 


a 
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Supporting technical personnel are: 


(a) Seven Technicians, (2 Machinists, 2 Blectri- 
eal Technicians, 1 Mechanical Technician, 1 _ 
Civil Technician and 1 Mechanic's Helper) e. ve 

(6b) One Simulation Engineer. 

{c) Two Research Associates, 


Supporting services include a time-sharing eDe 


3300 Digital Computer with a remote console in the Mgi- =~ 


neering Simulation Laboratory, and a well-equipped 
Machine Shop. Approximately § 750,000 of Laboratory | 
equipment have been purchased over the last two vears 
with ‘gaa of these items having specific research Capa- 
bil is (See List in Section C). 


_ Planning is now underway for a full-time Doctor 


of Engineering programme, in which applied, rather than 
theoretical, research will. be emphasized. 


B. POLICY FOR RESEARCH GROWTH 
we believe that it ‘is necessary for a young — 
Faculty to operate within a Research Policy which has 


the broadest possible faculty acceptance. The definition — | 


of such a Policy must take realistic account of the local 
academic and industrial environment, and of the manner 
in which most effective use can be made of existing and 

- potential boman and > resources within this: en- 
 wironment. : : 


At ‘eae. our - commitments to ee 
and graduate teaching are in the three professional dis- 


ciplines of Civil, Zlectrical and Mechanical Engineering. na = “oie 


Our curriculum evolved from a recognition of the unify-— 


ing nature of the systems approach when applied to these _ 


disciplines. Our faculty members have acespted this 
eyetems commitment, and much of our cosenrc® a 
- should therefore alzo reflect it. - 


, Since our graduate programne is directed. —_ 
aoe professional. engineers who wish to acquire 
advanced degrees on a part-time basis, our research 
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efforts should, ideally, reflect the research and deve- 
lopment interests of local industry. When University 
research complements development work conducted by local 
industry, the possible pooling of human and physical re~ ~ 
sources should provide mutual benefit to all participa- | 
ting bodies. We are hopeful of direct financial support 
from industry if our own resources are known and avail-~ 
able for the solution of industrial problems. . 


We believe that in order to make effective use 
ef our resources we should attempt to avoid prolifera~- 


tion of unrelated research projecta; but rather, concen-- - ~*~” ; ‘iy 


trate effort on the development of strong research teams 
in a few areas, ‘This ahould then provide necessary con- _ 
tinuity for particular reasarch endeavours, dwplicit in | = 
this is the gathering of research staff (faculty, research ~~ 
associates, and technicians), with expertise in the selec- 
ted areas, together with the best equipment and support- — 
ing services. 5 = . 


: The selected research areas should avoid unpro~ 
ductive duplication of other research efforts in Canada, 
and, in particular, of activity in local research insti- 
tutions, ‘ : 


the choice of areas of concentration must take 
into account the constraints implied above, but should 
not inhibit the pursuit of research activities by indi- 
vidual faculty members whose personal background and a 
teaching interesta do not naturally mesh with the mre... 
general interests of a larger group. Such faculty must 

be free to seek support for projects outside the larger | 
group activities and will receive internal assistance to 
the extent possibile. oe 7 oe - 


She Research Policy of the Mgineering Faculty 
is, then, to concentrate support in a few well defined Me 
areas involving research team effort, primarily on prom 70%") 
jects related to industrial problems and preferably com © = 
plementary to local research and development progremmes. — 


in accordance with our Policy, a number of re- 
search areas are being developed within the three Depart~ 


ments, and within the Faculty generally. notion ealae 


-~6- 
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Considerable interest now exists within the 
Faculty for research in the areas of fluidics and simula- * 
tion applications, in particular, hybrid simulation ap-_ apm. 
plications. These areas satisfy the constraints con- .. 
sidered in Section B, and the Faculty of Engineering has 
now made a major commitment to these areas. A broad “an 
range of instrumentation for fluidics research has been ' 7 
acquired and two full-time Research Anaociates are work- 
ing with faculty on specific projects. In the simulation’”: *: 
area, the analog section (EAI 680) of a large hybrid faci~"* *f 
lity (BAX 690) has been installed and many faculty menbers 


have defined projects which require its use. (Appendix ""* ani bey, 
Rel} - 4 - - ; 
Aviation Electric Limited, the only Canadian oy gt ie? 
manufacturer of fluidic components and systems, has been fe, hig 
helpful to us in discussions on fluidics research and by.’ i” 5 _ 


permitting use of their library for an initéal literature 
search. Also, it has offered assistance -” constructing 
any needed models. 


The undergraduate laboratory adieu and es-. 
ere the instrumentation, were purchased with both Side a gee 
teaching and research potential in mind. Im amiga Phy sod ae 
approximately $ 100,000. was allocated for setting up a = © 4." 


'. hybrid simulation laboratory. after wide consultation, — bey cage 


- must be obtained from other sources. We are 


_ with, among others, Roland. Gagné. and 1 Funke of the MRC 
Analysis Laboratories, it was agreed that the wisest in-.. 
vestment to meet the needs of undergraduaté instruction ° 
and of increasing research activity would be to purchase, 
an expandable facility - potentially a fully hybrid com- — 
puter. The FAI 690 system appeared to represent the best aa 
value for our purpose and we therefore heave installed =" 
the basic EAI 680 aneleg rection’ with a view to expand- ~ 
ing to the ZEAL 690 hybrid configuration et the earliest” 
opportunity. The Mniveralty has budgeted for a evubstan- 
tial portion of the total expansion cost; the remainder . i 


that ERC will favourably consider a oo for F adequate me oY 
ee in this area. : 


‘In other areas, cur Laboratories have been 


> ; -- @quipped with a great deal of instrumentation with re-' . ~ “is ; 


- er caaeeical 


ees 2 meee ne i er es 


oy search capability, ia ds poetnue. went Vietliny' anes. a8 
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A hot-wire anemometer with probes suitable Ke 
for use in conductive and non-conductive ee os piety 
meciia; an expandable 50 channel digital © 
data logger; a multi-channel tape recorder) | 
a an speed 16 mm movie cameray numerous §«~ 

tems of display and recording equipment _ 
such as oscilloscopes with camera attach se 
metit, a multi-channel optical oscillograph, | . 
duai channel stylus oscillographs, X-Y = * - 
recorders; and a great variety of trans- © 
ducers for force, pressure, displacement, 7 
acceleration, torque and aereree ms 
meesurement . 


the etructures laboratory is aceesiod delivecy of an 


expandable sexrvo-controlled structural joading systen sie <4 793 
for static and dynamic tests, for use on a large test~— 2 nites es 
bed. (Similar to the WRC Building Research test-bed}. gee 29" 

The initial installation will inelude two channels with 


20,000 and 50,000 1b. jacks, ‘the Thermodynamics labo= 9) 


watory includes a free-piston. airs an: Baaiticn to, See 
nore conventional laa i 


D. CONTINUING SUPPORT FOR AESEARCE _ 


Research activities will be supported in the can oe ats 
following ways: by University Capital and Operating = tn, 
Yunds, by Industry, by ee ee oust, sali’ 
as HRC, and by contract research. oe BN ts 


iy 
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University Support a a Ae. “@: ae Oe 


the recent cenit for equipping the Benry - sit 
¥. Hall Building have provided the impetus for-a growing © wpe a 
commitment to graduate studies and research at sir George, 
Williams University. Annual budgets include internal. ° 
research funds and provision of continuing: supporting ” 
facilities, such as the Digital’ Computer services, ‘Tech- er 
nical staff and shops, and Library developement. (The, *. Fired _ 

donation of the B.I.C, Library, jointly te gir George. . 
Williams and Ecole Polytechnique, has — a ar, 
increase in our Library nein . —— 


Operating and Major pqulpment Grants 


As outlined at the October ‘Bist, 1967, weatding,: « 


@ sizeable number of operating grant requests have now. 


been made, many of which include requests for a Profes~ 9 


sional Associate, (See Appendix A-2). In addition a - 
Major Equipment Grant submission was made to defray. 


costs associated with expansion of the simulation faci- . : on . 


ne (See supporting letter - rependix Hs. 
ated Develo ant 
A major commitment has been made in the systems 


area in terme of course offerings in the undergraduate | 
and graduate programmes, and Faculty strength is being > 


concentrated commensurate with this commitment. As can ~ _ 


- be expected, a major part of the research activity of — 


faculty will be dizected towards problems in the physical - 


systems arez. To fully exploit this research interest 


and capability, additional equipment, research assistants, 


and faculty are needed. Discussions will be held with 
WRC in the neax future to outline these requirements and — 


tc determina the assistance availeble. from MRC under Ate eH 


Negotiated Develomment Grant Program. 


ntract Research and Industrial c re 


Efforte will be dixected to wectieee all enadi: 
bilities for obtaining contract research and general in- 
. @ustrial support, An Industriel Liaison Officer will be 
appointed at the earliest. a . 


’ 7 4 ; 7 . 
c.. & Clair Callaghan, 


‘December, 1967. Sen ween ts 
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1. INTROMUCTIGCN 

In the past decade considerable progress has been wihheved ta the 
area of Pluidic control and instrumentation. Due to the early svailability 7 
of fiuidic digital devices, however, most of the developments fell into 
the general category of digitel systems. The performance capability ar 
present dry fluidic digital systems is very close to thet of conventional 
hydraulic, mechenical, and electronechanical systens which have occupied 
a prominent position in industrial control sppliceticngs, In contrast to 
the above, the advances made to date in the field of fluidic proportional 
or anelog systems is comparatively small. This slow progress is not the _ 
result of ep Donk of motivetion for the devsiicnmet ot fiuidic analog a 


eystens. In fact, there exists a need for the development of fluidic 9S 


system blocks thet would perform the functions of currently used electronic | 


englog systems such as operational amplifiers, modulstors, etc. Practical — 


Oe te we * - 
fe ‘ 


developwent of the fluidic analogs of these electronic systens would permit . 


@ more complete replacement of electronic: cireultry by the fluidic. equivalents. ; 


in enviroments where such a replacement is desirsble and possible. Rapid 
development of such fluidic analog systems has been hindered primerily 

due to the following limitations : (1) limited frequency response and 
high noise level of proportional fimidic sigkittens “i (2) . inadequate 
knowledge sbout the behaviour of fluidic transmission lines, which sre used 
as the interconnections between elements. The most well known of the | a 
proportional devices, nemely the beam deflection amplifier, has an upper. 
frequency limit of the order of 1.kHa or less. Furthermore, a great amount -”’ 


of care is necessary in the biasing and interconnection of tages elements 


# 
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to obtain modarats gain with ‘oe signal to noise ratio. 


response Limitatdon is caused by effects similar to those which occur in 


The frequency * 


electronic vacuum tubes and transistors at VHF band frequencies. in the ; 


- ee re 3 " 
eat RD iti OE EERE! 
: 


We gst \ 


latter devices, the bandwidth problem is remedied by analysing the: equivalent - ae 


eireuit of the derice at the limiting frequencies and then by attempting 


te provide proper compensation with the object of nullifying the impedance 


a £ 


effests which cawe the droop dn the H.F. reeponse. This appreash has : iss 


been sttempted for the fluidic bean deflection tenant; for which equivalent a 


circuits have been derived, but suitable compéndating schemes are yet to rs 


1 


be investigated. Tha nolee problem associated with fluidic proportional a 


elements appears %o originate wainly in the jets which form parte of the 


element. It is recognized thes the turbdvlence produced in these jote is Aes 


the fluidic equivalent of noiss in electron devices. Turbulence has Jong 


= been 8 subject of great interest in the fable of aerodynamics and ‘es a 


sobsequence, most, stidies in get" turbolence done to sate have en. cerodynante 


vackground. The consideration of jet turbulence tron the point of view of. 


noise in proportional fluidic slements hes received comparatively little , 


attention. The velue of nots: studies in —_ ‘genetal development of pro-- 


portional fluidic systems pint be overstated. The transuission iins 


limitation referred to earlier 4g even more serious then that caused by the 


frequency and noise performan:e of the amplifiers alone. Ih fact, it-cam be ie 


said that in present proporti:nal fluidic é&$rapite, the frequency capability | ° 


' of the amplifiers ig not fully utilised Bainly because of the attenustion. 


and resonance effects in the juterconnecting lines. This behsviour is caused 7 


by the fact that fluidic lines begin to act as distributed paramster lings 


at frequencies which are roughly s @illion (10°) times lower than those st“ — 


which similar effects appear ix olectromagnetis ‘lines. ‘Indeed, there appsare 


to be aclose similarity betwee: fluidic and microwave transmission Lines; 


a a Eté: Aree: Pe ey ’ pax Ale cig ty 
TORN NEE RRR PR,” SREB Ge RE SS BI 0 ee eta nee eee 


at least in the problems associated with line mate hing line resonance. Tt 
seems probabls that some of these techniques used at microwave frequencies 
in electromagnetic lines could ty used te devise analogous techriiques for 
use with fluid lines. At any rate, an investigation into this approach ta 
fluid line matching problems is nighiy desired. Although selina ee 


4 ve 
theoretical work hes beor, done on fluidic transmission lines, little Gg 


information is available dn pract:cal line performance and matching techniques . | 


for analog signals. Rapid development of fluidic proportional systems ee 
be impossible uniil a prope understand ing of the fluid line is achieved, | 
In addition to the aforementioned problems there also exists the 


general problem of transducsrs for measuring the fluidic proportional systems 


parameters such as time-var:ing velocitiss and pressures, There is a 
definite need, ’rom the voint of view of Fluidics reasearch, for the develop 
ment of such transducers (or sensors) heving a wider frequency response and 
& smaller physical size thar, currently in wwe. For turbulence and ny 
weasurement in fluidics 1esearch, the hot-w re anemometer is the only 


instrument commercially aradlable at present. The hot wire anemometer ia 


indispensable or turbuleise measurements, but requites Beiteate adjustment - : ‘a 


in order to ol'tein a larg: bandwidth and state operation. it is only 
very recently that an alternative scheme tur me: wuring turbulence, 

using aerodynamic lift, hs: been proposed and Siratigasia, 'In preestre 
transducers, the physical dimensions appear to te she main limitation. 

The various types, such as ‘he capacitive, plesoiletric, strain gauge 

and magneti: reluctance type, still have to be mount, in a fixture which 
then acts :s s fluidic filter with definite frequency caracteristics, 

The signif.cant dimension of these sensors itself is cOm\rable to the 


Wavelengths encountered, theresy caueing non-uniform léndin of the sensor 


=] 
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and consequently in inaccurate reading. Apert from sensors, there alsa 
exists s need for fluidic signal generators which could generate clean 
sinusoidel signals over ag wide a bandwidth as possible. Several mechanical . 


68 well as electrical drive schemes have been used to construct such a 


generator but have met with problems such as high noise levels and low |: 
frequency response. It can be seen from the above that further development 


is very desirable in area of fluidic transduwers also. 


2. CURRENT RESEARCH PROPOSALS 


The proposed research programme of the Fluidics Research Laboratory 


_ of the Sir George Williams University diractly reletes to the research and 


development problems of proportional fluidic systens indicated in the 
introduction. The proposed research hes been classified broadly into three 
areas : (1) Turbulence-Noise studies, (2) ee line studies and . 
(3) Trensducers, with present emphasis being placed on the first named 
eres, Brief outlines of the work. proposed in each of these areas follow, - 
(1) urbulence-Nohse Studies = 
The research into this area is aimed towards characterization . 
of turbulence~noise in proportional fluid amplifiers. It 
is felt that a characterization of je’ turbulence in terms 
of its frequency composition and as a function of the operating 
jet parameters and measurement location, would be of great 
value in the design of proportional fluid amplifiere from the .. 
point of view of optinizing the. signal to noise ratio. In 
commencement of this programme, work — been started on the _ ° 
measurement of the power spectra and surbulence component ~ 
intensities of the turbulence from @ dyft square. jet at various | 
Lecatdons facing the jet and as a functior of the jet opertiagg 


paraineters. It is proposed, st a Later date. to also obtain . 


(3) 


loudspeaker driver :uipped with « tapered line which feeds © % om: 


wall the high frywency atienyation caused by the Lines arty 


# Me 
time ené spate correlations Setemen ithe comnonerte of 
turdulence et differen’ stints 141th « rew'to ohseda @ oe, 


betber eatimate of the distribution of noise frequencies... “s ' 


Tranpeisaion Lines . el city ay “ 
The object of thie etudy is to examine the sapetanse: soncepts a 


for fluidit Lines aud to inresiigate the problen of iupsdance oe * 


watering in fluidic Lines err: ‘ing aneley sigvals, It ia VEL yee, 
Fe Ya “sy ve 

proposed th examine ‘the pouaii its) of ulding wavs ing. . - ee 
RE 8 


 techri.ques analogous to Sacre nea for m.orowave ¢iest:. mata 


linee, Experimental work -a this area hee. veer hind..ad dug” 


to a lack cf miniature tromsdugera and of a avitable fl dig 


signal generstor for soniacbing teats. 
Jransdugers | ok 


Research in. thhs area hax basa a. rected mainly towards the - | 
development of a fluidic riignal, gunerator with an electrimal * Bi 
input. A aud nignal j jenerator capable of a clean siie ea, 
wave output in the range of & to abyat 5 kHz ‘would be exironahg oe 
useful for teats on, r: well as fav the operation of, fluidic 
proportional systems. The aystes used, at present, for tie = 9 - . > 


generation of fluid’, sine waves consists of a heavy duty 


to lsas than 8 k‘Pherts, although the bandwidth of the driver’ 


alone is from 70 0 12,009 Hs. The above affect iliustratds. : i ae 


the entrained vcume Gf the driver, Work is in Dror, : = e ; z . 
in the design ai devél opment of @ flapper-valve type pignel — 
generator to otain « ipine-trve sinaacidel casita si iaed 7 i‘ a4 as “i 


wide a range £ Lrequencics ar poastht @. = » te sae agit: 
’ : %: : * ale as 
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3. RESEARCH PACCLITYES ee 3 nM 


The fluidies research laboratory is being established in an in= "7 
dependent room with a floorspace of about 2); by 32 feet. The room ig equipped on 
with four small office enclosures and a werk bench space totalling 8 Length. 
of 18 feet. ‘The wor): benches ere provided with detachable hardboard vertical, ~ 


panels on which the oxperimental estes es Bay sat up. The panels are . 


* 
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‘being fitted with precision test pressure gauges and flow velocity neasuring 


instruments for the accurate datemadecatien of the pressure and steady satel 
ranges encountered .n fluidics. Ths panels are supplied with filtered str 
at 20:psig which is then reduced to smaller pressures, according to the- 
requirements, using Nullmatic pressure regulators. A brief Let of the 
instrumentation fsc\lities available for research ito the atees mentioned. 


earlier is given b2‘ow, 


|. EQUcPMenr 


1) DISA 58D00 Constant eibeoetens Measuroment of turbulence 
&@nemometer Syu'em, Two DISA SSDOS kits intensities, instentaneoug . 
Battery Operatid fA modules, flow. ee ty, etm tango 
Two DISA 55015 “Anearizers, plus 2‘or 3 chanel measurene ig 
a variety of het idre + hot ~ _ f turbulence fluctustions ” ae: 
film probes .: . > > ower @ whos velocity tangs; is 

2) Pressure meagre nt. eyatens cS ee Measurement of sensity and 

fluctuating preseuyes -: 

{a) Pace-Wierko lagnetic Reluctance. fluidic sysvens. The. 6.) 1. | 
Transducer kit Type KPL5. . systems (2) end {b) ara + , 
: _ @apable of being fitted ee 

(b) DISA S5EO1 Reactance Converter with interchameable  ~ «°° 
witn capscitive transducers. Gisphragms to cotein ae 

pressure ranges of ] peig 

(c) Kistler Piezoilectric Transdusers or lower. ; 
Types 602L an} 601 and charge ! 
auplifiers. 

(d) Suatham stradi-guage transducers oe ee eS 
Type PM 222 7. 


(e) B and K Type 133 /u3h Condenser a 
microphons with asso¢iated ® "nts 
equipment (Fe: acoustic pressures) 2 ae’ ie 
plus standard test gauges and ; or 
precision mancretere 


a 
pag tanker a age le “Sea Ke SEE AR Re Cire ee. Feat Meg 
3} DIS& Analog 2orrelator 
Tepe TSON7t, 
4, Berd K lyps 2167 Frequency 
Spectrun Analvaer, ard the 
B and K Type 2305 level 
recorder. 
Correlation and power 
S) HB-Saxnhorn Type 3900 Magnetic spsctral analysis of 
Tape Recording system, furbulence noise, Simulation 


of fluidic systems. 
6) Hlgenso 632A Gaussian Noise 


SONS, 


7) EAI 680 Hybrid Computing 


8). Digital Computing faciliiies 
of the Sir George Willians 
University ComputerrCentzr, 


9) Facilities of the Mecher:.cal 
Engineering and Systems 
Engineering Laboratorie:. 
General purposes, 
10) Excellent Mach:ine Shop “acilities 
with three experienced precision 
machinists available f: component, 
fabrication, 


a 
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¥. M. Hanna, 
Chief Engineer, 

search Deve). opment, 
Aviation Electr|: Ltd. 
8.9. Box 2140, 
St. Laurent, 
Montreal $, P.¢, 


ne ae 


Support of Fluidics Research at fir George \ilijems University 


Dear Mr. Hanna, 


Purther to cur telephone didsuggivns and your 
letter of March 13, 1968, we hereb, resuest suppory. in 
the amount of $15,200 for 1968/69 thivh is required to 
ensure continuffy of our existing Nuidics Research 


program, 

Appendix A. defines the activites of the Fluidica: 
research group and the supporting failties at Sir George + 
Willadams University. It shows: « 


1. That work is being dona in two mijor research areas, 
namely; . 
a) Investigation of turbulent noise in fluidic. devices; 
b) Transmission dine modelling and matching. 


2. That s major commitment in facili:jes has been made in the 
' £luidics area, namely, provision (f: 

®) A separate laboratory for /'uidics research. 

b) A wide range of the necessity researzch equipment. 
and instrumentation. 

¢) Four furnished offices for Fluidics resexach personne. 

a) Other research services, such as Gigital and analog 
computers, machine shop and library. 


Appendix B identifies the perscnnel working in the 
fluidics group ae follows: 
Three full-time faculty membera, two full-time research associates, 
one half-time ressarch assistant, pougibly a number of graduate 
etudente wibhin a year; other personnel providing services ef .#, 
required areAmone Simulation engineex (analog programmer) , fae tS 
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“digital computer personnel, and, three machinists; two’ technician: bt 
_one electrical, one mechanical} |. ~ oS es. “ei hee 


‘e 


er en 
ial ; 
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> vdtppendix ¢ points out thatthe widergruduate currictlum ea 
at Six George Williame University hag considerable systema a Ba’ © 


‘emphasis and that: the gradsate program has a rangé of courses -. 3g 04, 
for studenta intexestéed in fluidiek.> ‘Xt is noted that. eke eg 
approximately 10 students have’ s@kected to take the *"FPluidica® 0.5. 
° ‘graduate course as part of their M.$ng.. grogram.. _ EE 


. Further mppert. of the faidicd vesearch program is needed. . 
in several ways and it ig‘h ed that NRC through Aviation 
Zlectric Limited can contributes towards the salaries of research 
’ personnel as indicated abelow. 
“@) 1/2 of full~time salary of N. Suresh .. «.. sins $ 4,466 
b) 1/2 of full-time salary of John VYeana (or his 
replacement) .. 4,400 
c) 1/2 of salary of.Research assistant, Siemer Tsang 3,000 
@) 2 months salary for facilty membare supervising 
. project “... 3,806 
: @} Miscellaneous’ mn) er ea en” ee ee so , 500 


$8883800 . 


ACME cRsa URNA RINT 
sorsuunearauevcsomnen * 


The. remainder: of the salaries for personnel will be 
paid by the University funds and WRC operating grants to 
faculty members. : = . 


Questions with recdbiot to submission of reports; propriety: .”> 
© gS 


interests, patents and publications will of course have t 
be discussed. and agreed upor,. 


Yours very truly, 


'. or 


J. C. @hllaghan. 
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LAVRENTIEN BLVD., MONTREAL, CANADA *¢ TELEPHONE, 744-2018 5 
Cabtea: AVIATION, MONTREAL a ts a 


AWILATION ELECTRIC 


{+m 17 ED 


Moll A\reus: P.O, BOX 2140, ST. LAURENT 
MONTREAL 9, P.Q. 
March 13, 1968 


Mr. C.Callaghan 

Sir George Williams University 
1435 Drummond 

TEETER, eres 


‘ove Mr. Callaghan: 


As discussed by telephone we enclose a copy 9 the 
reply from NRC concerning our inquiry about sponsoring Fliijics 
Research in universities. You will note the conditions impose 
by NRC which we believe can be met, with the exception that .c., 
than 100% of the time of your staff will be spent at A. E. i. 


As agreed, the responsibility for preparing the 
submission is yours, However we shall discuss the details with 
you and subrnit it to NRC with a covering letter after approval 


by us. 

Yours very truly, 
FMF:in ..°*- ..> ' F.M,Hanna * ~ ~ # _ we "tae. = 
Encl. i Chief Engineer , : 


Research and Development 


MANUFACTURE «© SALES © SERVICE © OVERHAUL — AVIATION «© MARINE ¢ INDUSTRIAL 


-- E202 DW ~ 


EE ET TA NT CRE 


* ines fa aR. 


Sm we - ees 7 goa “TAKLE AGGRESS ~ : %, 
“RAESEAREH’ 7 


ADRESSE 1httGRarHique 


PLEASE QUOTE Ft Fr Mee : - 
* * A 
Nor Ue bP seSSae te A Maes Cate hd-3A<lod 


. a ‘hk 
NAHIONAL RISE ALCHE COUMNCEL Ob a ANADA 1 Wat sam 2 O rea, 
ONSE!L NATIONAL DE RECHERCHES DU CANADA y cf WS 
P < _ 


OTTAWA 7. ti apatlon 


‘s ' 


ane a Y' | 


4 


nn 
January 15, 1968, 
Mr. E,. Wall, Vice-P resident, 
Engineering & Sales, 
Aviation Electric Limited, 
P,O, Box 2140, St, Laurent, 
' MONTREAL 9, Quebec. 


* se | DearMr.-Walls 0 tt Aaa, he MR PO ee le TE 1s ARB 
a : au axe oS mS ser og B ars, LEM Ps % ee Nb Meme 
gl 
In considering ways and means of fulfilling its terms of =i 


reference, which require i) to provide financial assistance to establish 
competent research teams in Canadian industry, the I, R.A, Committee | 
feels that one way of upgracling the competence of industrial teame is 

to support the participation of university professors in I, R.A. projects, - 


Young, inexperienced teams could be helped considerably by 
the guidance and advice of experienced research personnel from univer- ; 
sities in developing their personal and team capabilities, and in their 
approach to and programming of the research projects. 


More experienced teams, because of the concentrated nature 

of product-oriented industrial research and the more narrow approach 

involved, tend to become specialists in certain areas. Accordingly, 

they may lack experience in areas of increasing importance to their 

work, and may lose touch with the broader perspectives in their research 

field and progress being made in other disciplines affecting their field. 

They would benefit from direct exposure to the ¢ hts and experience 
Rae’ of wWell-qualitied unlGerdity pevisssore, " * Pe ” ae? Oe ee eee 

¥ 


On the other hand university professors can gain from direct 
contact with the requirements and the problems of industrial research in 
which many of their students will seek careers, and, perhaps, the 
opportunity to use special equipment in company laboratories, Through 
such contacts, a useful feedback to the universities would be established 
which could have an influence upon the nature and scope of university 
training and research, to the mutual benefit of the universities, their 
graduates, industry and the Canadian economy as a whole. 
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H + i‘ > * ~¥ 
sae dx, he Wee 
| Pantha oentoapranrntonss sid ustverrett y jratemmre already have 
Miterntermiet Hominbiabiag Rook ralatioiahips and reopremeniniiven ef 
| industry and iiversitias with whom this type of support has heen | 
discussed hase endoruxl It envtusiasticaily, The Committee itself $. 
| bas supported such arranyemorta in » few specific Cases anid, in om 
broadening their application ty all projects in LR, A. P., feats that it 
will oreate bettex communicat.on aid co-operation between industrial ' 
scientists and iniveraity scigitists in the same way that I,R,A.P, has 
improved such relationships tetween Government and industrial 
scientists. ; ¢ 
be . r 
’ ' Accorfingly Cor. mittee will consider applications from ms ! , am 
companies for iupport Srojvssors from the ataffs of Canadian univer- ah Se wee 
_ > sites Me be employed on J. RA, P. Regent grt the he fpll general 6, . 
- . * ute Yrs, * = eee a ee. : enemegin ° Ph potieney ow: i. * ate dase . 
| ia) ‘The wirle imust be ditectly related to,an I. R.A; project 
| tid pesformed in the company laboratories in close 
: -* and resular contact with the I, R, A, supported team. 
| It may comprise direst participation in the laboratory 
work at part of or in association with the company team, 
or tuke the form of sevainars, informal. discussion 
groups and similar instructional activities to provide an 
exchanje of knowledge and experience between the : 
| profesnor and the research team, — 
(0) Employmont of « professor for the duration of a 
' Sabbatical year, for several months in the summer, or 
| other similiar periods of leave from university reepon- 
| sibilities would qualify. Alternatively, employment for 
| a spicific number of days during a year on a reguiar 
t bass, such a9 one dey per week or per month for 
| example, wouid “i 
PL see é oS ant Oder a> win ele tat. on | seth den. - = te Pen awrd-s ab tea st 4 
; 
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bess ag a congultant vo solve a Specific problem, the 
solution of which ig the only and immediate purpose of 
his employment, would not qualify. Such research or 
advice may be essential to bring the project to a success~ 
ful conclusion but it does not necessarily contribute to 

the establishment of a competent research team. Hence 
it is considered to be the financial responsibility of the 
company, 


(c) More than one professivr may be employed on a project, 
= the saluries vo not exceed the financial limita- 
tion approved by the Netionel Research Council. 


ts 


— 


(8) LAL AL wath werteanrgase thee eee HEY Ger tw nalagy 
poriton of the protionnoris tao. All travel, aocuminocds- 
ion and other axpondor connected with his ginploy meant 
are to be paid by the cOonipany, 


Companies may apply for such assistance in their original 
proposal, in their yearly renewal, or as a supplementary grant during 
the fiscal year. Application forms. may be obtaftted from the Secretary 
of the I, R, A, Committee, which will require a summary of the 
professor's qualifications and experience, details of the agreement 
between the company and the professor, and a statement from the com- 
pany a8 to the nature and purpose of the professor's participation, 


The Committee will consider each case on its merits, bearing 
- dn mind the value of theaprofessor's services parpelated-to the objectives . oe 
outlined above, the need to avoid interference with the academde' oye * ee 
responsibilities of university staff and their research work under other 
research grants, and, of course, the availability of funds, The latter 
factor may limit: this type of support considerably during the fiscal year 
1968/69, 


In considering introduction of university staff into I, R.A, 
projects, compsniea may find it advisable to consult the Head of the 
University Department concerned as to the suitability of pergonnel, 
and to avoid an uneven distribution of these activities among the 
professorial sta/f, 


Yours very truly, 


KE Me 
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NATIONAL RESEARCH COUNCIL OF CANADA 
CONSEIL NATIONAL DE RECHERCHES DU CANADA 


OTTAWA 7. Jemuary 29, 1968. 


Mr. J.C. Callaghan, 

Associate Profensor, 

Faculty of Engineering, 

Gir George Williams University, 
Montreal 25, Quobes. 


Rear Clairs 


Thank you for your letter of January 78, i og Net ae 
brochures on tho strain gauge proesure transducers which look very 
attractive. 


Portbnr to our euuverestion regunding the poestitlity of « 
member of your i’luidics group working in the Mechmioal eering 
Division et N.R.C. fer.« vepecitiod period in the capacity of a visiting 
Engineer, Dr. J.A. Tanner, heal of ths Control Systems Laboratory, has 
expressed his viclehearted agreement for auch an arrangement. The 
duration of such a visitation period would be at the discretion of your 
organisation, a.though a minimum period of a number of weeks night be 
preferable. 


Regulations would necessitate the sponsoring organization, in 


for the visiting Bagineer. ¥.R.C. weld provide el) necessary working 
facilities inclwiing office space, laboratory facilities, computer socess, 
techniclen suppert, etc. It is anticipated that ty April 19686 the fluidios 
laboratory facility with associated instrumentation will be operational 

and the experimmtal portion of th: flnidics systems program initiated. 

The fluidic fatrication progrem, vaieh +e aiscussed rciefly during your 
vieit, will alse be continuing with protetype manufacturing capability 
hopefully being available in the spring. Interested candidates could either 
become involved in the currently active ERC fluidic programe or they could 
carry out separate studies at their prefsrence. 


Such im arrangement would appear to be wary attractive in in- 
troducing the technology in both its theoretical and practical aspects 
to persons vho intend to become directly involved in your fluidica progrm. 
h.8.C. would in turn benefit from the sloser lieieon with Sir George’. 
Willians in generel an@ with the fluidics activitios there in particuler. 


seal 2 


2 


- 2 


Seed: ony further inforsatien be required regarding sesh 
& possible arrangement, de not hesitate to call we at 613-993-9205. 


Youre. sinecrely, 


si fie 


WF. Hayes | 
Ria /pt a . ee  Cemterel Satens Laboratory 
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MAJOR JOURNALS AND PUBLICATIONS IN FLUIDS, CONTROLS 


AND INSTRUMENTATION 
ENOL RUMENTATTON 
Automatica (International Journal) (U.S.A.) (1967 - ) 


* Automatik (Germany) 

* Automatiks (Yugoslave professions] Journal for Automation) 
Automation (France) ‘(1967 = ) 
Automation (U.S.A.) (1967 - ) 


* Automation and Remote Control (English translation ~ 
of Automstika I Telemekhanika) 


* Automatisme (France) 
* Automazione E Automatismi (Italy) 
* Acta Mechanica (Austria) 
AIAA Journal (1963 - —) 


Acoustical Society of America (1929-1959 on microfilm) (1960 - with gaps) 


Aeronsutical Quarterly (1960 - with gaps) 
ASME (Transactions) (on microfilm) (1888-1929) 

ASME (Transactions) (Bound volumes) (1.930~ ) 

ACM Journel (U.S.A.) (1969 - —) 
Applied Scientific Research (1917 - with gaps) 
A I E E Transactions (1902 - with gape) 
juttinecties Acta (1965 ~ ) 
Astronautics and Aeronsutics (1963 - ) 


* Aeronautica Acta 


Batelle Technical Review (1950 - with gaps): 
Bibliography Fluidic System (Bowles Eng.) (1968 - ) 
Communications of the ACM (U.S.A.) "(1960 = with gaps) 
Control (Britain) (1960 - with gaps) 


#* not in library 


Control Engineering (U.S.A.) (1954 - with gaps) 
* Cybernetics (English translation of Kibernetika) (U.S.A.) 

Cybernetics (1958 ~ ) 
* Canadian Controls and Instrumentation (Sarada) 


* Computer Design (U.S.A.) 


Computers and Automation (U.S.A. ) (1960 - with gaps) 
Canadian Aeronsutics and Space Journal (1955 - with gaps) 
Design Engineering {Canaca) (1959 - ) 


*- Dats-Trend ‘Austrslia) 


* Data and Control Systems (England) 


Data Systems (1968 - ) 
Electromechanical Design (1967 - ) 
* Electronic Instruments Digest (U.S.A.) 
Electronic Engineering (Great Britain) (1967 ~ ) 
* Electromechanical Components and Systems Design (U.S.A.) 
Electromechanical Design (1967 ~ ) 
Fluidics Quarterly (1968 - ) 
Fluid Power International (1967 - ) 
Fluidics Quarterly (1968 - ) 
Hydraulic Pneumatic Power (England) (1967 - ) 
Hydraulics and Pneumatics (U.S.A.) (1967 - ) 
* Hydraulique, Pneumatique and Asservissements (France) 
* ‘IFAC : International Federation of Automatic Control 
Information Bulletin 
Information snd Control (U.S.A,) (1965 ~ ) 
* International Control Equipment (Britain) 
International Journal of Control (1965 - ) 


* 


not in library 
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IBM Journal of Research and Development (1957 - ) 
International Journal of Heat and Mass Transfer (1960 - with gaps) 
* International Association for Analog Computation 
Proceedings (Belgium 
International Association of Anslog Computation 
Annales (1967 -  —) 
I.S.A. Transactions (U.S.A.) (1967 - ) 
# Instrument Engineer 
Instrument Practice (England) (1967 - ) 
* Instrumentation {U.5.A.) 
Instrumentation Technology (U.&.A.} (1955 - with gaps) 
Instruments and Control Technology (U.S.A.) (1959 - with gaps) 
I.E.E.E. Transactions on Automatic Control (U.S.A.) 
I.E.E.E. (Sonics and Ultrasonics ) (1964 - ) 
I R E Transactions on Automatic Control (U.S.A.) (1963 ~ ) 
#* I,E.E. Transactions (U.S.A.) 
# Instruments of Mechanical Engineering Proceedings (U.S.A.) 
Instruments and Experimental Techniques (0.S.A.) (1966 - ——) 
International Science and Technology | (1962 - ) 
International Association for Analog Computation 
Proceedings (1967 - =) 
Journal of Fluid Mechsnics (0.8.A.) (1966 - ) 
Journal of Franklin Institute(U.S.A.) (1960 - ) 
* Journal of Aeronautic Science 
Journal of Electronics and Control (Great Britain) (1950-1963) 
Journal of Scientific Instruments (Great Britain) (1952 - ) 
Journal of Photographic Science ; (1967 - ) 
Journal of Spacecraft and Rockets (1967 - ) 


* not in library 


Journal of Astronautical Sciences 


Journal of Applied Mathematics and Mechanics 


Journal Instrument Society of America 


Journal of Applied Physics 


Journal of Sclentific Instruments 


U.S. NBS Journal of Research Sect. A. Physics and 


chemistry 


U.S. NBS Journal 


Mathematics and Mathematical Physics 


U.S. NBS Journal 


of Resesrch Section B = 


of Research Section C - 


Engineering and lnstrumentation 


Kybernetik U.S.A.) 


Mesures, Regulation, Automstisme (France) 


Machine Design (U.S.A.) 


Measurement and Control 


Mechanical Engineering 


New Equipment News (Canada) 


New Equipment Digest (U.S.A.) 


Operations Research 


Operations Research 


Process Control and Automation (See Instrument Practice) 


(U.S.A. ) (Vol. 7) 


(0.8 As) (Vol. 1 = 7) 


(England) - 


Proceedings 2f National Electronics Conference (U.S.A. ) 
(Vol. 


19, 22 & 23) 


Product Design and Engineering 


Product Engineering 
Progress in Control 


Purdue University, 


Engineering 


School of Aeronautical and 


Engineering Sciences 


# not in librery 


(1955 - with gaps) 
(1958 - =) 


(1950 - ) 
(1952 - with gaps) 


(1965 - =) 
(1965 - ) 
(1959 - ) 


(1955 - with gaps) 


(1967 - —) 

(1921 - with gaps) 
(19,0 - —) 

(1936 - —) 

(1959 - —s) 

(1967 -  —) 

(1961 - —) 

(1967 - —) 

(1962 - 196)) 


(i967 - 


Proceedings Inst. of Physics and Physical Society 


Proceedings Royal Socisty of London, Series A : 
Mathematical and Physical Sciences 


Progress in Aeronautical Sciencas 


Progress in Astronautics and Asronautics 
(Vols 1-2, h-7, 9-12, 14-18) 


Progress in Automation, Yol. 1 - 
Progress in Materials Science 
Review of Scientific Instruments 
Royal Aeronautical Society Journal 
Soviet Fluid Mechanics [0.%.A.) 
Space/Aeronautics 

Sperry Engineering Review 

The Physics of Fluids (Journal) 


Transactions of the Society of Instrument 
Technology 


Technical Notes of the National Bureau of Standards 
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United States N.B.S. Technical News Bulleting 


Siam Journal on Applied Mathematics 
Siam Journal on Numerical Analysis 


Siam Review 


(1935 - with gape) 


(1923 - with gaps) 


(1961-1962, 1964-1967) 


(199 
(1933 
(1927 


(1961 
(1963 
(1958 


(1967 


(1950 


(1967 


Theory of Probability and Its Applications (Siem Publication) 


Siam Journal on Control 


not in library 


(1967 


with gaps) 


‘ 
/ 


) 


) 


- with gaps) — 
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